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(57) Abstract: It is an object to 
reduce the size of receiver devices 
as of mobile phones and their base 
stations. A level determining circuit 
(15a), a frequency offset detecting 
circuit (16a), a frequency correcting 
circuit (17a), a channel distortion 
detecting circuit (18a), a channel 
distortion correcting circuit (19a) and 
a maximum-ratio combining circuit 
(3a) are provided by use of CORD 
IC's (153, 171, 182, 191, 31-3M and 
200). The level determining circuit 
(15a) and frequency offset detecting 
circuit (16a) share the CORD IC (153). 
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5 ttfif#» 

i«#«te^©S«&^*^^33V^TSfll{&#©AGC (Au 
to Gain Control), P TJliSl^^i? s> h*t!E, ^-Y^/l^MlE, 

10 mM&ffi 

^ny^E&?M~. B7^tt, v^^/W^LT— ^^ifrf £: ; £"'^~ 

5 I££p a § tbfd (5S^# A -C t> 7 ^ ^ A# A "C % A V > a* , 

15 SfiH ^3®IUiJ&2 (Br_k : k=0, 1, M-U*^) ^r^T*^J;b'^^;lEl 

SU^^a^itSRX (S^^HIB&) 11, GCA (Gain 
20 Controlled Amplifier) 12, jt&fefe&# 1 3 % A/D^Ml4, 1/ 

^/vao^mj^i 5, h (a f ) ^tmns^i 6, jstw 

7, (ch) M^tfcJUJS&l 8, ^^r^/V (ch) §gji 

1-6„ 
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H 7 tcSS^T, *"f, AGC£fT5 W</WH!|£IeIS& 1 5 tt# 

tbb©?W^«r7cK:AGCfli!l1»IiI8&2 l^GCAl 2(0«JiI 
I/^al) £r&5£LTD/A^m^2 2HITGCA1 2fc7-f-K 
/<y^t5-i UliUAGCft^atS. AGCttC*<^^Ib^#5Sg 

fBBE £P is is tig b t V ^ § 1$B# t^/vSESb £ — 5£<£>te*B 31 Sr tfc fcH U 

© J; 5 in \,X^yis^(D^\n^^^^\-±m% • • JH2&« s *iIE£ 
frK ^^it-g^ms^ 3 -ef*#^7 \sf-<o s Nttsl-ifc^il Ufc#^:T*m^# 

<5 o 

^J-efeSo IHEHC&V^ is^frfflfemfe 1 5 ttA/D^lfe$tl/fe I > 
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15 



W2^b|j (fEju-yy^f-^ieaftl) teSHKU gfim&w 

1" 5 lilted £ UT^tf), 3p*&fl5UT«ft» 

^LTJi&MSjEIeli&l 7 m Mx.^ sin, c o s ^ — 
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m 9 «:^.*A'3StfcfcHlIIB& 1 8 N ^-r^A'^jEIalBS 1 9 (T^astftJT- 
fcSo ^-^^/^f*^f|!6^i/^#Vw (I P . Q P ) SrUESov-^TJOv (P 

-y/Ht^rX^LT^; (2) 5^1im^^T^^TU"C*5«9, i©i8 
^^i^litVX^-^^^^. (dK dQ) £UTl^5o 



(2) 



t5i, ^^SBttiEBftl 9T?f±£fl^^#/i' CI. Q) £r-© 

io ft^/H (di, dQ) 5- (3) oi5t 



' + 3 5* 0 =a + jQ)(dI-jdQ)x ^ (3) 
dl + jdQ dl+dQ 



15 -T^— i/^tt, ^^yfOSftfitlrr, ( i = 1 > 2 N • • • „ M) 
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lT xr i ' A = -JZIKII (4) 



5 ft*?, ^^*/uMW^mt)&-efe&7 : 7^'7-<D%:mim r , (i = 



1M„ , A.jfjKf 

/=0 V k=0 



t V^ ? raffia fcofeo 

15 0iJ;tfc£HI8 fc^1~w</Hl!|^II]8&l 5-e«, * (1) 
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4 <& t> © ^ * v> m ^ & si * s o 
ni^b-cfTPi^s^fcs. *L"C % j^MHeius&i 7-e«. jess 

• s i n, c o sX-r/A-l 7 cffi^^^y 

sin s c o sr-^/H 7 c«tf 5^»Mlgt't^ 

HI l o ^^i-*^Jt^HI8S 3 b 2>M-# < 3 b 

tfm^tbti'bMfc&mn-vibZo t a (5) ^it5A©tn 

IWI^CORD I C (Coordinate Rotation Digital Computer) 
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• "f- (WTlx Qft#) tftSAGC, AFC (Auto Frequen 

cy Control), ^*/H£j£ • ^S.^ft^J^^^-f ^^^^^^^ 
ffi-T 5 r £ m J; 9 % /J«t5i £ d5t?# 5flSif^itt5 - £ & 
5 IWitSo 

io buibcord i c^m\z£ ^nm^tit^mmm^^^xmt&AG 

-h!2#l/&f-£ t) s CORD I C^fcJ: <9 Sfi" ©"^ 
15 ^fc^^^tts f**3g i {cfEic^'fB^gi-^v^-c, ^-YyrJl^^: 

RD I C^m^^ffiS^^^^(D@^^W^^t^|«^v'^^i:0 

20 ±iB«^^j:»9. cord i c^mz^mmm^-mm&t*^ v tm 

25 fcfcfeU-CjaafeaM-^-fcy hiEMIrtfP CORD I C3MS!£2r, 
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_L!Bl?£fftfc«fc Y), CORD I C^8lK£ VnftC&Jry-Ky h&MiEl- 

_b|B#^^«t 9 „ CORD I C^^lil i t) ^^M£r$tffiUT«« 
^fc^^PJfis CORD I CSrS^-fe/Wii-S^^ h!/y^7W7 

_hl5«^(-J: 9 > CORD I C^mzZ. V Mc± ^ *<-*s7-#k 
15 E®©fKil£frSft03 

D I C <D — ffl&TF'f'Zf P y ^E!> 
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i6B«, *»w(DSflr»^l©3felfeo»*l^l^8v^■cfflv^e>^^5coR 
d i coy^Kom^^ir'f v y $ m. 



10 &W&mi&1r2>tcib<Dm&<D : J&n 

MJUUW- 1 i/ 7 V <DfyX*m&MM/Umm^Wk<Dmft&~*Sifet£ CORD 
I C (Coordinate Rotation Digital Computer) Tfr^V X^^r^V^X 
AGC. AFC, ****** • WfltRtJS**:*^^^-^^* 
15 Srffiffi«Jit?ff5 i 5 ^bfc^O-CfcSo ft*5, CORDICil #< 

if-5§-£ I (t)+jQ(t)=R(t)e 18 (t) CO X 

sterna, mmmjix^m-ir^tmmmmm^m^m^^y v&*m& 
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**«>T*^¥**tmt«rfT5i^S^fc*36 s , CORD I C&J^-CH 
ttWIhZ. £ t>\aE&m • ifcttftfrfflV'* CORDICT' 
^:t% HI 8 iC^: Ufc^ff^*^ l"</V2ffil^[e]E&, JBjftjfc^^-fey b 

(1) s^fE^p^^^/^Siis^MUT, cord i c-eiaufttur-rs 

(2) |g«JE^'>^3j?/^©ttE#Bi:JB«*^-7-fey h*othl|Ef4, COR 

i c^4^«riia t>s t 1 — ^/v^^y *7fm\^-ir z> 1 1 tic 
m i itt&w(D&mmi&<oMi&<D&i&\z&ftz> i"<A'Wfem& i 5 a 

. JB»«*7-fey h^miUS&l 6 a, Eli£8c*t:£III*&l 7 a?r^i-^n 
y^HtffcSo #!SB&1 5a. 16a, Halt J'fSWlfA 

ft**-*. 

(1) g«!6*I©tH* 

1 5 ali^'f SW1, SW2. SW3h H^i^ 
y^T^/H5 1h l^** (T) 152 1, 152Q, 154 
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i; CORD I CI 5 3ft^KlJ;9fll^**LS. ft*^ MM***) 3 Of* 

u-<svmfem& 1 5 a, ^«ESc^-7-ty h^tmus&i 6 ao^sBtpafc 

tj-A/D^m^l 4<£>tH;fr£:5S® U"CJBift»:*|jElHlK 17a {cffi^-T^ 

„ ff, ^^yfSW2, SW3> SW4^^tafl (A/D|£^§§1 
5 4ttl*I, Qflfl) gflrK»'>^^*CORD I C 1 5 3K 

aE&J^Ofln^JM**-^ UTCORD I C 1 5 3 KHEtft^tU — #S 
'fSlt^lV>'#/K^StBttCORD I CI 5 301 W^t-^,tL§„ ^r^-e 
lB«Mt*^^^ 15 4 ^rgti 7 ^^-rAGC$lJ#PllI^2 1 Mffi^i" 
10 5, 

(2) ««Sfe^7-fey b<Dth# (v-v*VHH^*t^^^v^i: ft) 
ffl$.Wn3-7-te V b^tti[US& 16a fi£V"</HBl5£lIlii& 15a 
CORDIC153^ 5P^bXt±fll»*WlilKl 6 1 
mi&l 6 2l£j;0#J$&*LTV^o ^yfSW3C*b«| (A/D& 

15 m^m^#J) KS&feu i ^^^^Mfiuwsflr****^^^*^ 

&CORDIC15 3^iiia^i^5„ ^<£>£#_hfB (1) &mm%V>&r 
|M-£ V) CORD I C 1 5 3 rt^|Blt$tuTV^§AP^^^ — ^l-^o 
X$ikW~t' : £> tK&V > CORDIC153CI, QtH^JtfHBtfB*^ 

20 . CORD I CI 5 3© I > Q SrWflSXttfllMtft WEK 1 6 1 m 

) ti-s. 

(2 a) JS«**7-fey botm (^^^i/RUHWflS^rtv^ 

s^f S¥2S:bi (lE^^y^/l'T-^H 5 1 ffflh y^S 
25 W3£rblHJ (A/D^m^tB^W (^L, 

CORDIC15 3H:IlS^. £©£#±12 (1) Ste&Htf>$H|t 
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V CORD I C 1 5 3 ftf im^HTV^P^jP^-^^oT 
jftf^tS-itJ: «9 % C0RDIC153OI, Qffl>b<0ffc*H*W:* S: 

^,5 JBjRSk^-fey Ult^-rs. &*5 % IWI^. < PB# 

m <» m. m ft « t£ a s * v ^ £ w*r t? # s % <£> « is v^/^ m m e& 
(3) b^*tiE 

JSIftgrttjEEE&l 7 a tt, yfSW4 £ , CORDICHli 

10 > j!lPii/^-^^y 17 2i, W^^17 3I, 1 7 3Q^fiffc 

4 ^afill- (^^X^^miUSS 1 6 lffl) tgittCORD I C 

1 7 1 Kmmz^txm&mm/mmmmm&fts 

15 m^^*D^^^ — LTCORD I C 1 7 1 ftW^I&ffoZti'ZW 

^^i73i, i 7 3 .QteSoaiMfifc L-CJttb-^tbi . on^H, 

20 iP^^^ — V^^E-y 1 7 2^b- A £lS:CORD I CI 7 If p 
— Kb, yfSW4 £b$Jf ^LT^I^** 1731, 17 
3 QcDffi^CORD I C 1 7 1 luilifi $*T3e*fi"S (- A f fitS^il 

25 SSMV^^17 3I, 17 3Q©f«rCORDIC17 1|iI 
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1/tCORD I CI 7 1 rtgBKlflM$£it:5o 

;^CORD I C 1 7 1 KlaIia$*3o 
5 **5, ±IEOj:5*^«fe"T?E»jft^ COR 

fcltLCORD IC17lS:!Hry h-f-5;fc«>raHK:tt:fek*V\, 
fcU mSbWzv b £frx.&V^^te, CORDICHl^Af 

^^>-^/v<D^ijiIi:^^b©fh^^CORD I C 1 5 3£*ffib. ¥ 
^IHSSlSb (0 8) SrB!l«t?#5o £ bfcjEKIft • &&$iMh m$Z 
SilE^l-CCORD I C 1 7 1 U> IE3£?!£ • ^^T-^>1 

7 c SriiiJi>§£-T?#5o 

20 HI 7 i^U/L^ftHS©^* ^/V^^ttJHIS&, ^-^^/^5B*S3E 

25 It'#5o 

(5) ^V*J>mffiJE<Dtc.#><Dmm&& : &CORD I C^VMrH^T 
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5 ^t±JlHlS&l 8att7^yfSW5i, gE*P S/^tf/Mfc^i*^** — ^ 
T—'fA' 181h CORDIC182h spiSHbUK 18 3l!lJ;9* 
j$£*b5o ft^VSIilEillSl 9att^>f SW6fc, CORD I 
C 1 9 1 92h mWmi 9 3 1 . 1 9 3 Q^^fcit) 

M^5o *IUSS 18a, 19ait M ^SW5T'A/D»^ 

(4) ^^^/wsitfeHJOfHlc 

^^^ 7 ^^jE[hI3§ 19a <DX4 j'f SW6 £r a W (^-^A-^^fcB 
|U^18al) KHftttU CORDIC18 2CM»> 

^ #VM£*B §r ^i~*P ^ — ^ Sr ^ #/Mfc*§ JD** * — ^ ^ 

15 -^18 1^btyht5. gttR»Vy#A'tCORDIC18 2 

(5) ^^^/i^^iii^M^/^ffi^^^ 

_blB (4) f t^;H^ffl^fl-»-etfflt^t^H^CORD I 

20 c 1 9 1 Kmm^^xm^&Myumm^^n 0 1, ^-^^/^<dhl 

ftti&# s l$<Dl!a&&'*fi~-l' k ITCORD I C 1 9 1 rtgpteHElft&ti, 
5o -^cORD I C 1 9 1 (O I W^jum^S^-^r^^Sg^SffiW:^^ 
l^v 5 ^^ 1 9 2fc|B'|t$ixSo 
(5 a) ^-Y^/«*|jE©^3f 
25 SW6f bi (A/'D^m^tH^J^I) tiit^ flt^^^ 

/V^CORD I C 1 9 1 ittffi35#4ll3E£;h,S. 
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^1 9 3 1 , 1 9 3 V , ^tlftlCORD I C 1 9 1 <D I mtl, 

QmiiZW-^f?*? i 9 2 (diBtt^tvTv^^^itisS-e^b-cMiEi- 
a$-c£s#s _lib (4) f t^ntaotitttcoRD i etas 

I+jQ _ q+jQXdl-jdQ) _ (dl-I + dQ- Q)+j(-dQ»I+dI- Q) 
dl+jdQ dI 2 +dQ 2 dI 2 +dQ 2 

ReT I+jQ 1 = * 2 dQ a »Q =-i-(cos*-I+sm*«Q) 

[dl+jdQj dI J +dQ J dI 2 +dQ a dR v ' 

Imf I+jQ 1 = T dQ •!+ , dI - »Q =-L(-sin* •!+«**. Q) 
Ldl+jdQj . dI J +dQ 2 dI 2 +dQ 2 dR v ^' 

dRl_— sin* cos<£j[Qj v dl 

(6) 



Re 
Im 



iH-jQ 



dl+jdQ 
I+jQ 



dl+jdQ 



15 ^ (6) tel&V^-C. OTf ©fPMCORD I CT'tTPlHl^II^ 
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/vs^tH^Miii^coRD i c^ir i rnxn^m^^m^M 
iff 5o £ b(-^-^^/^MjEoig^^#^coRD i cx*mn-tz> 

• M^^^^os^it^^, cord i c<D^i;-#^T^m-e^s 

o 

io • ^mm^^^si-^^o 

W^>7fSW7, CORD I C 3 l~3MXtFW^^Tb, Ta, 
Tc£r^b. t^/^V^!?Tb, Ta, TctDW^IrM 

15 ItS^^^^SWS, SW9WCORDIC20 0lrftSo *0 
j&3ate, M|IO^-Y^/^MiEffl^> r, (=I>+jQ.)> (7) 
(DdR, 

( i = 0, 1. 2, • • • . M- 1) Srgfs U fe&mxh^^fck 5 
20 #y^^^^-eoSNJt^it^Jbfc»^^r#^T^ (8) 

<DJfc£r^1-<7}-^ s NJ:k;{-i;b^!I-r^>*"efeSo 
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/=0 A V k=0 



S; (8) ^*5V>TM=2cD^O^W^«^ (9) r*U* 
CORD I Cfcl&ffi <J> — ^&IB«$i*\ (I., I») Xt^ 

dR 0 dR i , > , , dR, 

-7 ° r a + . ' r, =cos <j> - r 0 +sin£ - r, , =arctan-^I_ 

VdR^+dR, 2 VdRo+dR^ dR 0 

(9) 

ft|CM= 3 <DWi&h. ^ (10) £5£ (11) <D£? KM=2<Di8r& 

wt^Jt^o^*"C^tit^-ef so-c, cord i c©3fijBa* 
rd i c(Dmm&*imx«&z> 0 
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dR„ | dR, r | dR * ; ^ 

VdRo'+dR^'+dR, 2 ° VdR 0 2 +dR, 2 +dR 2 2 ' VdR^+dR^+dR, 2 ' ' 



V dR 0 2 +dR, 2 , dR, 



VdR 0 2 +dR, 2 +dR 2 2 JdRT+dR^+dR 

dR 2 
VdR^+dR, 2 



2 

a 



(10) 



r ' == 0 ■ r 0 +-. 1 r, =cos<£ • r 0 +sin<f> - r, , * =j 

VdR 0 2 +dR, 2 V dR o 2+dR i 2 



dR 0 



(11) 

0 4 m*3»t5CORD I C 3 1 IU5^7^0 £ 1 (DMjzit&J&Z: 

(1) 7^fyfSW7©A*?:al (f- -Y ^J^WM^ d R) ^S!SfeU"C 
5 (dRo^ dRi) S:CORDIC3 1taii**TltS*W/ 

ORD I C 3 1 rtlBJKlKIt*^ "*CORD I C 3 1 <D I ffl*fc3»tt 



^/dRo'+dR, 2 (12) 



10 te^tB V^^T a tcEiftSttSo 
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(2) j/f SW7(DA^^bffii ( I fifl) j-^icLT^ h/V ( I o 
, I x) SrCORD I C 3 1 iciiiia^-TirS kMc*)k'&$L\&ti<Dmifc\ftJl 
^CORDIC31©I ffi^mtK W^^Tb lC|3lt^tL6o 

(3) 7^fs/f SW7©AASrcflJ (Qffifl) l^iU-C^^ h/l' (Qo 
5 , QJ SrCORD I C 3 1 H:3Sia$*5 kM*:tk'&j&mti<Dmftmj3 

^CORDIC31©I mtliZ^Ltl, ^»^^T c fcffitt&ftSo 

Hj4-e«^§|51/v ? ^^T.a, Tb, TcSrlV^'fT' 

10 ^^S^Ms^SrH^Ti-So 

04f:HlOS:ib'<tWe>^J:5^ **M©iftfll»«t?ri, CO 
RD I C trffiv^fc i <h K: <£ 0,01 0 teS*-t"*P*&lElB& 3 b <Di££;fcci|>g 

IfctCORD I C7/V=fJ) XAO«StoV^TliJ^t5o B 5 te^-f 
£ 5 fc¥ffi-bfcH:3£^Mfi ( I o% Qo) kfrfc £ £ . ^ofeffiif 

W: (R, 6) f*. ittmj: ?)5fi<5< J: 5^mfe^lR]S:*«>'&* s fe 

ZbteWbfrX*$>Z> 0 R8niHfifcNlSI<0*:#tf>EI 5tf>ff-|m. 

^ (13) iCti^tlS (5£*©«#f4, Q k : k = 1 , 2,- • • % N 
O^f^CCl^ttS, 0 k : k = 1 , 2 N - • • , NO^je: 
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( % 1 J 005 6 N 7 sin 6 N Y 005 9 N-1 ^ Sin 0 N-1 \ . / cos 0 1 
\Qn J I* ^ 9 N - cos 6 N A ±sin fl N-l 005 fl N-l J I* ^ 9 1 



COS 0j 




= n 
k=i 



N ( 1 qFtand N Y 1 Ttan^.^ ( 1 qFtan 9j Yl Q "| 

n^V^tanflN 1 J(±tan0 N _i 1 J'\±tanfl 1 1 X Q o) 



(13) 



— "C\ tanQ *=2~ y tt£Z>£5fcd k *m&tl& (13) «^ (14 
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